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Abstract	  
	  	  Many	  mathematical	  problems	  can	  only	  be	  solved	  in	  routine	  ways.	  	  But	  when	  students	  see	  that	  
problems	  can	  be	  solved	  in	  innovative,	  original,	  or	  novel	  ways,	  unexpected	  benefits	  arise	  such	  as	  
development	  in	  one’s	  mathematical	  creativity.	  	  The	  general	  mathematics	  classroom	  must	  be	  reformed	  
into	  a	  more	  perceptive	  atmosphere	  that	  challenges	  all	  students,	  where	  student	  mathematical	  creativity	  
is	  fostered,	  and	  creative	  insights	  are	  encouraged.	  	  Mathematical	  creativity	  encourages	  the	  full	  
development	  of	  the	  learner,	  all	  students	  on	  the	  spectrum	  from	  underchallenged	  to	  traditional.	  	  
Mathematical	  creativity	  is	  the	  ability	  of	  "divergent	  production	  in	  mathematical	  situations,	  and	  the	  ability	  
to	  overcome	  fixations	  in	  mathematical	  problem	  solving”	  (Haylock,	  1987,	  p.	  69).	  	  Mathematical	  creativity	  
can	  be	  broken	  down	  into	  three	  dimensions	  of	  divergent	  thinking	  –	  fluency,	  flexibility,	  and	  originality.	  	  
Educators	  must	  provide	  tasks	  that	  promote	  divergent	  thinking	  and	  creativity,	  such	  as	  challenging	  
mathematical	  problems	  that	  give	  students	  opportunities	  to	  problem	  solve/pose	  and	  showcase	  their	  
talents.	  	  But	  because	  of	  fixations,	  it	  is	  difficult	  for	  students	  to	  showcase	  originality	  on	  their	  own.	  	  
Therefore,	  the	  goal	  of	  this	  study	  is	  to	  improve	  mathematical	  creativity	  in	  secondary	  mathematics	  
students	  using	  good	  problem-­‐solving	  tasks	  and	  finding	  best	  methods	  for	  promoting	  and	  rewarding	  
divergent	  thinking.	  	  High	  school	  students	  in	  an	  Intermediate	  Algebra	  class	  partook	  in	  pre-­‐intervention-­‐
post	  cycles	  over	  the	  course	  of	  five	  weeks.	  	  Students	  took	  a	  pre-­‐	  Math	  Creativity	  Test,	  comprised	  of	  four	  
open-­‐ended,	  multiple	  solution	  tasks,	  designed	  for	  students	  to	  provide	  multiple	  solutions,	  distinct	  from	  
what	  their	  peers	  would	  provide.	  	  Students	  were	  given	  scores	  for	  fluency,	  flexibility,	  originality,	  and	  total	  
mathematical	  creativity.	  	  Students	  completed	  an	  intervention	  process	  of	  developing	  divergent	  thinking	  
iii	  
and	  utilizing	  problem-­‐solving	  settings	  as	  a	  venue	  for	  expressing	  mathematical	  creativity.	  	  After	  the	  
intervention,	  the	  students	  took	  the	  post-­‐	  Math	  Creativity	  Test,	  comparing	  the	  scores	  in	  fluency,	  
flexibility,	  originality,	  and	  total	  math	  creativity	  between	  the	  pre-­‐	  and	  posttests.	  	  Results	  informed	  
effective	  ways	  to	  develop	  mathematical	  creativity.	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1	  
Chapter	  1	  –	  Focus	  of	  Study	  
	   Throughout	  my	  undergraduate	  and	  graduate	  experiences	  in	  mathematics	  and	  education	  
courses,	  my	  eyes	  were	  opened	  to	  the	  benefits	  of	  active	  learning,	  inquiry-­‐based,	  and	  exploratory	  
mathematical	  opportunities,	  all	  full	  of	  rich	  mathematical	  tasks.	  	  From	  experiencing	  these	  mathematical	  
opportunities	  and	  the	  benefits	  firsthand,	  I	  envisioned	  my	  future	  mathematics	  classroom	  to	  be	  a	  place	  
filled	  of	  rich	  mathematical	  tasks	  facilitated	  through	  active	  learning	  strategies.	  	  Since	  becoming	  a	  high	  
school	  mathematics	  teacher	  only	  a	  short	  year	  ago,	  I	  have	  experienced	  a	  few	  days	  where	  my	  classroom	  
looked	  like	  how	  I	  envisioned.	  	  But,	  it	  proves	  difficult	  to	  achieve	  this	  type	  of	  classroom	  environment	  every	  
day,	  or	  even	  once	  a	  week,	  when	  the	  pressure	  to	  complete	  the	  curriculum	  in	  such	  a	  short	  amount	  of	  time	  
kicks	  in.	  	  As	  a	  result,	  students	  receive	  an	  education	  of	  minimal	  depth	  in	  a	  wide	  range	  of	  topics,	  lacking	  
opportunities	  for	  investigation	  and	  exploration	  of	  the	  concepts,	  and	  leaving	  no	  room	  for	  opportunities	  
to	  problem-­‐solve,	  or	  create,	  only	  opportunities	  to	  follow	  algorithms.	  
A	  common	  perception	  of	  mathematics	  arises	  from	  attitudes	  of	  mathematics	  to	  be	  boring	  and	  
irrelevant.	  	  Possible	  factors	  of	  these	  attitudes	  include,	  “the	  perceived	  poor	  quality	  of	  the	  teaching	  and	  
learning	  experience,	  the	  perceived	  relative	  difficulty	  of	  the	  subject,	  the	  failure	  of	  the	  curriculum	  to	  
excite	  interest,	  and	  the	  lack	  of	  awareness	  of	  the	  importance	  of	  mathematical	  skills	  for	  future	  career	  
options	  and	  advancements”	  (Santos	  &	  Barmby,	  2010,	  p.	  199).	  	  These	  attitudes	  and	  perceptions	  are	  
heightened	  with	  the	  traditional	  school	  experience,	  where	  educators	  are	  required	  to	  cover	  a	  wide	  range	  
of	  material	  in	  a	  short	  amount	  of	  time,	  and	  have	  the	  expectations	  to	  differentiate	  instruction	  and	  scaffold	  
to	  meet	  the	  needs	  and	  abilities	  of	  all	  learners	  in	  the	  classroom.	  	  These	  traditional	  methods	  of	  schooling	  
fail	  to	  develop	  rich	  experiences	  for	  creating	  talent	  in	  the	  youth	  (Renzulli,	  2005,	  p.	  80).	  	  Schools	  are	  
inadequate	  at	  providing	  education	  to	  students	  who	  show	  their	  potential	  in	  nontraditional	  ways.	  	  Schools	  
“can	  and	  should	  be	  places	  for	  developing	  the	  talents	  of	  all	  students,	  rather	  than	  merely	  being	  sources	  
for	  the	  acquisition	  of	  information”	  (Renzulli,	  2005,	  p.	  80).	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A	  possible	  factor	  of	  the	  aforementioned	  perception	  regarding	  lack	  of	  student	  interest	  in	  the	  
curriculum	  is	  that	  many	  mathematical	  problems	  within	  the	  curriculum	  can	  only	  be	  solved	  in	  routine	  
ways.	  	  The	  curriculum	  has	  a	  focus	  on	  guided	  tasks	  and	  learning	  algorithms.	  	  But	  when	  students	  see	  that	  
problems	  can	  be	  solved	  in	  innovative,	  original,	  or	  novel	  ways,	  unexpected	  benefits	  arise	  such	  as	  
development	  of	  one’s	  mathematical	  creativity.	  	  Mathematical	  creativity	  lies	  within	  the	  umbrella	  term	  of	  
mathematical	  enrichment,	  where	  one	  purpose	  of	  mathematical	  enrichment	  opportunities	  is	  to	  heighten	  
interest	  in	  mathematics,	  and	  to	  contextualize	  mathematics	  in	  real	  world	  applications.	  	  The	  second	  
purpose	  of	  mathematical	  enrichment	  is	  to	  develop	  mathematical	  talent	  and	  deepen	  mathematical	  
understanding.	  	  Mathematical	  enrichment	  is	  providing	  students	  with	  opportunities	  to	  enhance	  
mathematical	  learning	  processes	  and	  develop	  learning	  skills,	  specifically	  problem-­‐solving	  ability	  and	  
ability	  to	  provide	  multiple	  perspectives.	  	  Mathematical	  enrichment	  opportunities	  are	  encouraged	  to	  be	  
utilized	  in	  a	  wide	  range	  of	  school	  types	  and	  levels.	  	  It	  gives	  all	  students	  opportunities	  to	  develop	  their	  
talents	  through	  a	  “collaborative	  school	  culture	  that	  takes	  advantage	  of	  resources	  and	  appropriate	  
decision-­‐making	  opportunities	  to	  create	  meaningful,	  high-­‐level,	  and	  creative	  opportunities”	  (Renzulli	  &	  
Reis,	  2000,	  p.	  367).	  	  Educators	  should	  encourage	  the	  full	  development	  of	  the	  learner,	  no	  matter	  where	  
they	  are	  on	  the	  learner	  spectrum,	  instead	  of	  seeing	  them	  as	  a	  repository	  for	  information.	  	  Mathematical	  
enrichment	  and	  creativity	  addresses	  “the	  problem	  of	  students	  who	  have	  been	  underchallenged	  but	  also	  
provides	  additional	  important	  learning	  paths	  for	  students	  who	  find	  success	  in	  more	  traditional	  ways”	  
(Renzulli	  &	  Reis,	  2000,	  p.	  367).	  	  Teaching	  mathematics	  without	  providing	  for	  creativity	  denies	  all	  
students	  the	  opportunity	  to	  fully	  develop	  their	  talents	  or	  experience	  the	  beauty	  of	  mathematics.	  	  Hence,	  
educators	  of	  mathematics	  must	  reform	  the	  general	  mathematics	  classroom	  into	  a	  more	  perceptive	  
atmosphere	  that	  challenges	  all	  students,	  where	  student	  mathematical	  creativity	  is	  fostered,	  and	  creative	  
insights	  are	  encouraged.	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The	  goal	  of	  this	  study	  is	  to	  improve	  mathematical	  creativity	  in	  secondary	  mathematics	  students	  
using	  good	  problem-­‐solving	  tasks.	  	  The	  term	  ‘good’	  in	  good	  problem	  solving	  comes	  from	  the	  creator	  of	  
good	  problem-­‐solving	  tasks,	  Peter	  Liljehdal.	  	  Good	  problem-­‐solving	  tasks	  are	  challenging	  mathematical	  
problems	  that	  give	  students	  opportunities	  to	  problem-­‐solve	  and	  problem-­‐pose.	  	  Peter	  Liljehdal	  is	  
recognized	  for	  helping	  teachers	  create	  classroom	  environments	  in	  which	  students	  learn	  math	  through	  
problem-­‐solving	  activities.	  	  Good	  problem-­‐solving	  activities	  provide	  opportunities	  for	  students	  to	  engage	  
in	  ‘doing	  mathematics.’	  	  Doing	  mathematics	  means	  exploring	  the	  mathematical	  landscape.	  	  And	  while	  
exploring	  this	  territory,	  students	  are	  either	  problem	  solving	  or	  being	  creative.	  	  	  
Which	  leads	  to	  the	  research	  question	  –	  How	  is	  the	  documentation	  of	  mathematical	  creativity	  of	  
high	  school	  algebra	  students	  changed	  by	  implementing	  selected	  problem-­‐solving	  tasks?	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Chapter	  2	  –	  Literature	  Review	  
Defining	  and	  Measuring	  Mathematical	  Creativity	  
	   In	  order	  to	  effectively	  research	  mathematical	  creativity,	  we	  must	  accept	  a	  definition	  of	  
mathematical	  creativity.	  	  The	  term	  ‘creativity’	  has	  historically	  been	  interpreted	  in	  many	  different	  ways	  
and	  has	  many	  different	  definitions,	  and	  so	  it	  is	  most	  appropriate	  to	  find	  a	  definition	  that	  fits	  with	  the	  
needs	  of	  the	  research	  study.	  	  Mathematical	  creativity	  is	  the	  ability	  of	  “divergent	  production	  in	  
mathematical	  situations,	  and	  the	  ability	  to	  overcome	  fixations	  in	  mathematical	  problem	  solving”	  
(Haylock,	  1987,	  p.	  69).	  	  Creativity	  is	  a	  multifaceted	  construct	  and	  so	  is	  most	  appropriate	  to	  summarize	  
the	  kinds	  of	  thinking	  in	  mathematical	  tasks	  that	  qualify	  for	  creativity.	  	  Mathematical	  creativity	  is	  a	  
process	  of,	  “formulating	  problems,	  finding	  means	  for	  solving	  these	  problems,	  invention	  of	  proofs	  and	  
theorems,	  independent	  deduction	  of	  formulas,	  and	  finding	  original	  methods	  of	  solving	  nonstandard	  
problems”	  (Haylock,	  1987,	  p.	  68).	  	  These	  ways	  of	  thinking	  follow	  a	  problem-­‐solving	  framework	  that	  
involves	  problem	  formulation,	  invention,	  independence	  and	  originality.	  	  Another	  description	  of	  
mathematical	  creativity	  that	  fits	  appropriately	  with	  the	  research	  is,	  “divergent	  and	  convergent	  thinking,	  
problem	  finding	  and	  problem	  solving,	  self-­‐expression,	  intrinsic	  motivation,	  a	  questioning	  attitude,	  and	  
self-­‐confidence”	  (Runco,	  as	  cited	  in	  Mann,	  2006,	  p.	  238).	  	  Mathematics	  is	  more	  than	  arriving	  at	  a	  
solution,	  it	  involves	  the	  process	  of	  thinking	  creatively.	  
When	  researching	  and	  measuring	  mathematical	  creativity,	  two	  criteria	  are	  addressed	  –	  
convergent	  and	  divergent	  thinking.	  	  Divergent	  thinking	  is	  described	  as	  finding	  patterns	  and	  breaking	  
fixed	  mindsets,	  formulating	  mathematical	  conjectures,	  evaluating	  original	  mathematical	  ideas,	  
identifying	  missing	  components,	  and	  moving	  from	  general	  to	  specific,	  while	  convergent	  thinking	  is	  the	  
ability	  to	  give	  the	  correct	  answer	  while	  not	  requiring	  significant	  creativity	  (Mann,	  2006,	  p.	  239).	  	  The	  
aspect	  of	  breaking	  fixed	  mindsets	  is	  important	  in	  fostering	  mathematical	  creativity,	  especially	  in	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fostering	  divergent	  thinking.	  	  One	  issue	  in	  problem	  solving	  is	  why	  do	  people	  who	  have	  all	  the	  required	  
knowledge	  to	  solve	  a	  problem	  still	  fail	  to	  solve	  the	  problem?	  	  The	  reason	  behind	  this	  is	  usually	  due	  to	  
fact	  that	  the	  problem-­‐solver’s	  thinking	  is	  fixated	  on	  an	  approach	  that	  is	  leading	  them	  in	  an	  inappropriate	  
direction.	  	  Educators	  must	  realize	  that	  this	  fixation	  is	  a	  common	  characteristic	  among	  many	  
mathematics	  students.	  	  Many	  student	  mindsets	  are	  fixated	  on	  rule-­‐based	  applications,	  where	  
mathematical	  problems	  are	  closed	  and	  only	  one	  answer	  is	  appropriate;	  a	  result	  of	  traditional	  teaching	  
methods.	  	  This	  type	  of	  fixation	  is	  called	  algorithmic	  fixation,	  where	  “a	  student	  shows	  continued	  
adherence	  to	  an	  initially	  successful	  algorithm,	  even	  when	  this	  approach	  becomes	  inappropriate”	  
(Haylock,	  1987,	  p.	  70).	  	  In	  a	  traditional	  classroom,	  students	  are	  successful	  when	  looking	  for	  algorithms	  or	  
processes	  that	  can	  be	  applied	  repeatedly	  to	  problems	  that	  look	  very	  similar.	  	  But	  creative	  problem	  
solving	  requires	  students	  to	  break	  away	  from	  stereotypes	  and	  this	  type	  of	  fixed	  mindset.	  	  Another	  type	  
of	  fixation	  that	  is	  characteristic	  of	  traditionally	  taught	  students	  is	  content-­‐universe	  fixation.	  	  Students	  
must	  overcome	  a	  range	  wider	  than	  what	  is	  initially	  presented	  or	  what	  first	  comes	  into	  awareness	  of	  the	  
problem	  solver	  (Haylock,	  1987,	  p.	  69).	  	  These	  fixated	  mindsets	  hinder	  mathematical	  creativity	  and	  put	  
limits	  on	  problem-­‐solving	  creativity.	  	  Students	  must	  learn	  to	  leave	  the	  stereotyped	  means	  of	  problem	  
solving	  behind	  and	  search	  for	  new	  ways	  of	  solving.	  	  Students	  who	  are	  able	  to	  overcome	  these	  fixations	  
will	  stand	  out	  as	  being	  more	  creative	  than	  others	  who	  cannot	  overcome	  such	  fixations.	  
Other	  criteria	  addressed	  while	  researching	  and	  measuring	  mathematical	  creativity	  is	  problem	  
posing	  and	  problem	  solving.	  	  There	  are	  claims	  that	  the	  ability	  to	  pose	  problems	  in	  mathematics	  is	  linked	  
to	  creativity	  (Yuan	  &	  Sriraman,	  2011,	  p.	  6).	  	  Providing	  all	  students	  with	  opportunities	  to	  pose	  problems	  
and	  partake	  in	  inquiry-­‐based	  mathematics,	  can	  assist	  all	  students	  in	  developing	  mathematical	  creativity.	  	  
Through	  problem-­‐posing	  and	  problem-­‐solving	  tasks,	  student	  creativity	  can	  be	  increased	  in	  aspects	  of	  
fluency,	  flexibility	  and	  originality,	  and	  can	  encourage	  divergent	  and	  flexible	  thinking	  (Yuan	  &	  Sriraman,	  
2011).	  	  For	  students	  to	  be	  creative	  in	  mathematics,	  “they	  should	  be	  able	  to	  pose	  mathematical	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questions	  that	  extend	  and	  deepen	  the	  original	  problem	  as	  well	  as	  solve	  the	  problem	  in	  a	  variety	  of	  
ways”	  (Yuan	  &	  Sriraman,	  2011,	  p.	  6).	  	  In	  genuine	  mathematical	  activity,	  “it	  is	  more	  common	  for	  
problems	  to	  arise	  out	  of	  attempts	  to	  generalize	  a	  known	  result,	  or	  as	  tentative	  conjectures	  for	  working	  
hypotheses,	  or	  as	  subproblems	  embedded	  in	  the	  search	  for	  the	  solution	  to	  a	  larger	  problem”	  (Silver,	  
1997,	  p.	  76).	  	  Through	  the	  use	  of	  problem-­‐solving	  and	  problem-­‐posing	  tasks,	  educators	  can	  increase	  
student	  capacity	  of	  the	  dimensions	  of	  creativity,	  and	  capacity	  is	  enhanced	  through	  the	  use	  of	  the	  cycle	  
between	  problem	  posing	  and	  exploration	  (see	  Figure	  1).	  
	  
Figure	  1.	  Mathematical	  Creativity	  Cycle,	  Bolognese	  &	  Steward	  (2017).	  
“It	  is	  in	  the	  interplay	  of	  formulating,	  attempting	  to	  solve,	  reformulating,	  and	  eventually	  solving	  a	  
problem,”	  that	  can	  assist	  students	  to	  develop	  more	  creative	  approaches	  to	  mathematics	  (Silver,	  1997,	  p.	  
76).	  	  It	  is	  throughout	  this	  cycle	  that	  mathematical	  creativity	  and	  mathematical	  problem	  solving	  are	  
indistinguishable,	  and	  it	  is	  then	  that	  the	  process	  of	  ‘doing’	  mathematics	  appears	  (Liljehdal,	  2004,	  p.	  10).	  
Assessing	  Mathematical	  Creativity	  
	   There	  is	  a	  need	  for	  mathematics	  teachers	  to	  identify,	  encourage,	  and	  improve	  creative	  
mathematical	  ability	  at	  all	  levels.	  	  It	  is	  productive	  for	  educators	  to	  view	  creativity	  as	  something	  that	  can	  
be	  fostered	  in	  the	  general	  population	  because	  creativity-­‐enriched	  mathematics	  instruction	  increases	  
divergent	  thinking	  with	  a	  wide	  range	  of	  students.	  	  Neglecting	  to	  recognize	  creativity	  might	  cause	  the	  
mathematically	  creative	  to	  give	  up	  the	  study	  of	  mathematics.	  	  It	  is	  important	  to	  develop	  creative	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mathematical	  ability	  and	  talents	  in	  students	  for	  the	  fact	  that	  “mathematical	  creativity	  ensures	  the	  
growth	  of	  the	  field	  of	  mathematics	  as	  a	  whole”	  (Yuan	  &	  Sriraman,	  2011,	  p.	  5).	  	  There	  is	  also	  a	  need	  to	  
design	  problems	  and	  situations	  for	  students	  that	  help	  foster	  mathematical	  creativity.	  	  Assessing	  
creativity,	  and	  even	  more	  challenging	  -­‐	  mathematical	  creativity,	  has	  proved	  to	  be	  a	  difficult	  task.	  	  
Traditional	  tests	  do	  not	  typically	  measure	  creativity,	  and	  traditional	  mathematics	  tests	  often	  reward	  
accuracy	  and	  speed	  over	  being	  mathematically	  creative.	  	  These	  tests	  typically	  only	  identify	  students	  who	  
are	  computationally	  fluent	  and	  not	  students	  who	  are	  creatively	  talented	  in	  mathematics.	  	  “Encouraging	  
mathematical	  creativity	  in	  addition	  to	  computational	  fluency	  is	  essential	  for	  children	  to	  have	  a	  
productive	  and	  enjoyable	  journey	  while	  developing	  a	  deep	  conceptual	  understanding	  of	  mathematics”	  
(Mann,	  2006,	  p.	  240).	  	  Students	  must	  be	  provided	  opportunities	  within	  an	  authentic	  high-­‐end	  learning	  
environment	  where	  they	  can	  apply	  relevant	  knowledge	  and	  skills	  to	  solve	  real	  world	  problems	  (Reis	  &	  
Renzulli,	  2004).	  	  Real	  problems	  include	  problem-­‐solving	  and	  also	  entails	  problem-­‐finding,	  or	  in	  other	  
words,	  formulating	  and	  answering	  their	  own	  problems.	  	  Students	  need	  to	  be	  provided	  with	  
opportunities	  to	  design	  and	  solve	  their	  own	  problems.	  	  In	  a	  step	  toward	  identifying	  and	  improving	  
mathematical	  creativity	  in	  students,	  mathematical	  creativity	  tests	  were	  created.	  	  Specifically	  used	  
throughout	  this	  research	  study	  is	  the	  Mathematical	  Creativity	  Test	  of	  Kattou,	  Christou,	  and	  Pitta-­‐Pantazi	  
(2016).	  	  The	  Mathematical	  Creativity	  Test	  is	  comprised	  of	  four	  to	  five	  multiple	  solution	  tasks	  with	  
problem	  solving	  and	  problem	  posing	  situations	  (see	  Figure	  2).	  For	  each	  task,	  students	  are	  assessed	  on	  
their	  ability	  to	  provide	  multiple	  solutions,	  solutions	  different	  from	  their	  peers’	  solutions,	  and	  original	  
solutions	  that	  no	  other	  peers	  provided	  (fluency,	  flexibility,	  and	  originality).	  
	   In	  order	  for	  students	  to	  exhibit	  mathematical	  creativity,	  they	  must	  think	  differently.	  	  They	  must	  
learn	  to	  use	  more	  than	  rote	  learning	  and	  existing	  knowledge.	  	  Einstein	  is	  famously	  quoted	  for	  saying,	  
“Mathematical	  creativity	  is	  more	  than	  the	  ability	  to	  solve	  the	  problem,	  but	  it	  is	  about	  the	  ability	  to	  see	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Figure	  2.	  	  Example	  of	  tasks	  from	  the	  Mathematical	  Creativity	  Test,	  Kattou,	  Christou,	  &	  Pitta-­‐Pantazi	  
(2016).	  
the	  problem”	  (Walia	  &	  Walia,	  2017,	  p.	  1294).	  	  Seeing	  the	  problem	  means	  representing	  mathematical	  
thinking	  of	  the	  highest	  level	  –	  divergent	  thinking.	  	  Assessing	  mathematical	  creativity	  is	  assessing	  
divergent	  thinking,	  which	  is	  broken	  up	  into	  three	  components	  –	  originality,	  fluency,	  and	  flexibility.	  	  
Originality	  can	  be	  measured	  when	  a	  response	  is	  novel	  as	  compared	  to	  responses	  from	  peers.	  	  Fluency	  
can	  be	  measured	  by	  determining	  the	  frequency	  of	  responses	  given.	  	  Flexibility	  can	  be	  measured	  by	  
determining	  the	  different	  measures	  used	  in	  responses.	  	  Problem-­‐solving	  tasks	  encourage	  flexibility	  and	  
fluency,	  while	  originality	  is	  where	  students	  will	  showcase	  their	  creativity.	  	  It	  is	  unlikely	  that	  students	  will	  
exhibit	  creative	  instincts	  in	  problem-­‐solving	  settings	  if	  they	  have	  not	  broken	  from	  their	  fixations	  and	  
mental	  sets.	  	  While	  problem-­‐solving	  settings	  will	  indeed	  provide	  opportunities	  to	  express	  originality	  and	  
creativity,	  students	  will	  need	  to	  be	  prompted	  and	  rewarded	  for	  expressing	  originality	  and	  creativity.	  	  
Students	  must	  be	  encouraged	  to	  “break	  from	  established	  mindsets	  to	  obtain	  solutions	  in	  a	  
mathematical	  situation”	  through	  rewarding	  mathematical	  creativity	  (Haylock,	  1987,	  p.	  69).	  
Kattou,	  Christou,	  and	  Pitta-­‐Pantazi	  (2016)	  determined	  scores	  for	  originality,	  fluency,	  and	  
flexibility	  as	  follows:	  a)	  Fluency	  score:	  the	  ratio	  between	  the	  total	  number	  of	  relevant	  and	  accurate	  
responses	  provided	  by	  the	  student	  to	  a	  particular	  item	  to	  the	  maximum	  number	  of	  relevant	  and	  
accurate	  responses	  provided	  by	  a	  student	  in	  the	  investigative	  population,	  b)	  Flexibility	  score:	  the	  ratio	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between	  the	  different	  types	  of	  categories	  or	  number	  of	  different	  types	  of	  accurate	  solutions	  to	  the	  
maximum	  number	  of	  types	  of	  categories	  or	  number	  of	  different	  types	  of	  accurate	  solutions	  by	  a	  student	  
in	  the	  investigative	  population,	  and	  c)	  Originality	  score:	  is	  calculated	  according	  to	  the	  frequency	  of	  a	  
student’s	  solutions	  in	  relation	  to	  the	  solutions	  provided	  by	  all	  the	  students.	  	  Scores	  for	  originality	  will	  be	  
given	  on	  a	  scale	  from	  0-­‐4.	  	  Originality	  scores	  come	  from	  ability	  to	  produce	  uncommon	  responses.	  	  If	  a	  
student	  produces	  responses	  where	  more	  than	  10%	  of	  other	  students	  gave	  the	  same	  response,	  a	  score	  of	  
0	  is	  awarded.	  	  If	  a	  student	  produces	  a	  response	  where	  8-­‐10%	  of	  other	  students	  gave	  the	  same	  response,	  
a	  score	  of	  1	  is	  awarded.	  	  If	  a	  student	  produces	  a	  response	  where	  6-­‐8%	  of	  other	  students	  gave	  the	  same	  
response,	  a	  score	  of	  2	  is	  awarded.	  	  If	  a	  student	  produces	  a	  response	  where	  4-­‐6%	  of	  other	  students	  gave	  
the	  same	  response,	  a	  score	  of	  3	  is	  awarded.	  	  If	  a	  student	  produces	  a	  response	  where	  0-­‐3%	  of	  other	  
students	  gave	  the	  same	  response,	  a	  score	  of	  4	  is	  awarded.	  	  The	  average	  of	  the	  sum	  of	  the	  fluency,	  
flexibility,	  and	  originality	  scores	  will	  yield	  an	  estimated	  mathematical	  creativity	  value.	  
Rewarding	  Originality	  and	  Creativity	  
	   Convergent	  thinkers	  are	  always	  in	  pursuit	  of	  one	  right	  answer,	  while	  divergent	  thinkers	  generate	  
ideas	  beyond	  stereotypical	  logical	  expectations.	  	  An	  aspect	  of	  divergent	  thinking	  is	  originality,	  where	  
divergent	  thinkers	  seek	  novel	  solutions	  to	  problems,	  which	  is	  hard	  to	  reward	  through	  traditional	  
strategies	  and	  standardized	  testing.	  	  Students	  from	  young	  ages	  bring	  imagination	  and	  curiosity	  to	  
education,	  but	  somewhere	  along	  their	  educational	  careers	  their	  fearlessness	  of	  exploration	  and	  being	  
wrong	  fades	  away.	  	  One	  contributing	  factor	  is	  that	  schools	  reward	  convergent	  thinking	  by	  encouraging	  
memorization,	  valuing	  one	  correct	  solution,	  and	  penalizing	  for	  giving	  the	  wrong	  answer.	  	  Instead	  of	  the	  
traditional	  teaching	  methods,	  collaborative	  problem-­‐solving	  based	  learning	  experiences	  will	  provide	  
students	  with	  the	  opportunity	  to	  engage	  in	  divergent	  thinking	  and	  creativity.	  	  But	  in	  order	  for	  students	  
to	  produce	  novel	  ideas	  and	  exhibit	  creativity,	  they	  must	  be	  encouraged	  and	  rewarded	  for	  thinking	  
divergently.	  	  Students	  are	  held	  back	  from	  risk-­‐taking	  because	  of	  a	  fear	  of	  ridicule	  and	  uncertainty	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established	  within	  them	  from	  the	  culture	  of	  traditional	  schooling.	  	  Divergent	  thinking	  and	  originality	  can	  
be	  promoted	  through	  prioritizing	  collaboration,	  fostering	  open	  sharing	  and	  idea	  building,	  encouraging	  
risk-­‐taking	  and	  normalizing	  failure	  and	  dead	  ends.	  
Good	  Problem-­‐Solving	  Tasks	  
Problem-­‐solving	  activities	  that	  provide	  such	  opportunities	  for	  students	  to	  engage	  in	  ‘doing	  
mathematics’	  are	  so-­‐called	  ‘good	  problems.’	  	  ‘Good	  problems’	  are	  problem-­‐solving	  tasks	  that	  foster	  
meaningful	  discussions	  around	  rich	  mathematics	  (Liljehdal,	  2017).	  	  ‘Good	  problems’	  are	  designed	  to	  
foster	  a	  sense	  of	  collaboration	  among	  the	  students	  and	  to	  maintain	  a	  state	  of	  flow	  by	  providing	  students	  
with	  problems	  that	  have	  the	  appropriate	  level	  of	  difficulty	  for	  their	  skill	  set.	  	  Another	  type	  of	  problem-­‐
solving	  activity	  that	  provides	  students	  with	  opportunities	  to	  engage	  in	  ‘doing	  mathematics’	  are	  ‘open	  
middle’	  problems.	  	  A	  specific	  type	  of	  problem	  is	  encouraged,	  where	  the	  problems	  have	  “a	  ‘closed	  
beginning’	  or	  all	  start	  with	  the	  same	  initial	  problem,	  a	  ‘closed	  end’	  or	  they	  all	  end	  with	  the	  same	  answer,	  
but	  there	  is	  an	  ‘open	  middle’	  which	  encourages	  multiple	  ways	  to	  approach	  and	  ultimately	  solve	  the	  
problem”	  (Kaplinsky,	  2020,	  ¶.	  1).	  	  ‘Open	  middle’	  problems	  require	  a	  higher	  depth	  of	  knowledge	  than	  
procedural	  math	  problems,	  and	  have	  opportunities	  for	  multiple	  ways	  of	  solving	  the	  problem,	  in	  contrast	  
to	  using	  specific	  algorithms	  or	  methods.	  	  Using	  ‘good	  problems’	  and	  ‘open	  middle	  problems’	  throughout	  
a	  lesson	  requires	  considering	  both	  a	  good	  task	  and	  an	  effective	  delivery	  method	  for	  the	  type	  of	  students	  
in	  the	  classroom.	  
The	  delivery	  method	  of	  investigations	  is	  important	  for	  aspects	  of	  mathematical	  creativity	  and	  
perceptions	  and	  attitudes	  towards	  mathematics.	  	  Mathematics	  in	  schools	  is	  seen	  to	  be	  without	  purpose	  
or	  meaning,	  and	  is	  perceived	  to	  only	  be	  a	  set	  of	  algorithms	  (Battista,	  2010,	  p.	  37).	  	  But,	  mathematics	  as	  a	  
subject	  domain	  is	  with	  context,	  purpose,	  and	  meaning	  and	  can	  be	  used	  as	  a	  tool	  for	  understanding	  the	  
world	  around	  us.	  	  Investigations	  allow	  students	  to	  assume	  a	  role	  as	  a	  first-­‐hand	  inquirer,	  and	  give	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students	  the	  opportunity	  to	  apply	  their	  knowledge	  to	  real	  world,	  relevant	  situations.	  	  Students	  tackle	  
real	  problems	  of	  interest	  that	  “are	  valuable	  to	  students	  as	  they	  can	  bring	  about	  some	  form	  of	  change	  
and/or	  contribute	  to	  something	  new”	  (Reis	  &	  Renzulli,	  2018,	  p.	  204).	  	  Investigating	  and	  exploring	  
mathematics	  changes	  student	  perspectives	  on	  what	  mathematics	  is	  –	  not	  just	  a	  set	  of	  algorithms.	  
Another	  aspect	  of	  the	  delivery	  method	  required	  for	  promoting	  mathematical	  creativity	  through	  
problem	  solving	  is	  to	  use	  aspects	  of	  a	  thinking	  classroom	  as	  presented	  by	  Peter	  Liljehdal.	  	  A	  thinking	  
classroom	  is	  “a	  space	  inhabited	  by	  thinking	  individuals,	  as	  well	  as	  individuals	  thinking	  collectively,	  
learning	  together,	  and	  constructing	  knowledge	  and	  understanding	  through	  activity	  and	  discussion”	  
(Liljehdal,	  2016,	  p.	  364).	  	  The	  teacher’s	  job	  is	  to	  foster	  and	  expect	  thinking.	  	  In	  order	  to	  foster	  and	  
encourage	  collaboration,	  a	  thinking	  classroom	  requires	  a	  specific	  room	  arrangement,	  specific	  types	  of	  
tasks	  used,	  specific	  student	  workspace,	  and	  specific	  formation	  of	  groups.	  	  It	  became	  obvious	  to	  Liljehdal	  
that	  working	  at	  desks	  is	  not	  conducive	  to	  collaboration.	  	  Giving	  students	  opportunities	  to	  work	  on	  
alternative	  surfaces,	  such	  as	  vertical	  white	  boards,	  white	  boards	  on	  desks,	  and	  poster	  boards	  
encourages	  collaboration	  and	  discussion	  between	  peers.	  	  Although	  working	  in	  groups	  is	  conducive	  to	  a	  
thinking	  classroom,	  it	  is	  encouraged	  to	  assign	  visibly	  random	  groups	  to	  help	  foster	  a	  thinking	  classroom.	  	  
Students	  will	  be	  more	  willing	  to	  work	  in	  any	  group	  in	  which	  they	  are	  placed,	  “mobility	  of	  knowledge	  
between	  students	  will	  increase,	  and	  reliance	  on	  inter-­‐group	  answers	  will	  increase,”	  with	  less	  reliance	  on	  
the	  teacher	  for	  answers	  (Liljehdal,	  2016,	  p.	  375).	  	  Liljehdal	  also	  states	  the	  importance	  of	  the	  types	  of	  
tasks	  used	  in	  a	  thinking	  classroom.	  	  Lessons	  are	  encouraged	  to	  begin	  with	  good	  problem-­‐solving	  tasks,	  
that	  are	  “highly	  engaging	  collaborative	  tasks	  that	  drive	  students	  to	  want	  to	  talk	  to	  each	  other	  as	  they	  try	  
to	  solve	  them”	  (Liljehdal,	  2016,	  p.	  381).	  	  The	  problem-­‐solving	  tasks	  need	  to	  emerge	  rich	  mathematics	  
that	  are	  linked	  to	  the	  curriculum,	  and	  should	  permeate	  the	  entire	  lesson	  (Liljehdal,	  2016,	  p.	  281).	  	  These	  
components	  are	  a	  part	  of	  Stage	  1	  in	  building	  a	  thinking	  classroom,	  and	  will	  be	  used	  throughout	  the	  
research.	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On	  the	  curriculum	  side	  of	  investigations,	  the	  cycle	  between	  problem-­‐posing	  and	  exploring	  are	  
important	  aspects	  of	  engaging	  in	  mathematical	  exploration.	  	  With	  an	  inquiry-­‐based	  approach,	  students	  
are	  expected	  to	  ask	  interesting	  questions	  and	  explore	  possible	  solutions	  to	  those	  questions.	  	  Bolognese	  
and	  Steward	  (2017)	  advocated	  in	  the	  framework	  for	  problem	  posing	  that	  interesting	  questions	  were	  
those	  questions	  for	  which	  you	  do	  not	  have	  a	  known	  method	  for	  getting	  the	  answer.	  	  Allowing	  students	  
to	  ask	  interesting	  questions	  gives	  opportunities	  for	  students	  to	  stay	  in	  flow.	  	  For	  a	  problem	  to	  be	  
classified	  as	  a	  problem,	  it	  must	  be	  problematic.	  	  “Any	  problem	  by	  which	  you	  can	  see	  how	  to	  attack	  it	  is	  a	  
routine	  problem	  and	  cannot	  be	  an	  important	  discovery”	  (Liljehdal,	  2004,	  p.	  34).	  	  Just	  as	  questions	  lead	  
to	  explorations,	  so	  too	  do	  explorations	  lead	  to	  questions.	  	  Investigations	  allow	  students	  to	  explore	  
mathematics	  in	  depth	  and	  to	  create.	  
How	  Educators	  Create	  Problem	  Solving	  Tasks	  
	   Mathematical	  tasks	  can	  be	  examined	  for	  their	  variety	  of	  ways	  to	  solve,	  kinds	  of	  representations,	  
requirement	  of	  student	  communication,	  and	  cognitive	  demand.	  	  Opportunities	  for	  student	  learning	  are	  
“created	  by	  the	  level	  and	  kind	  of	  thinking	  in	  which	  students	  engage	  that	  determines	  what	  they	  will	  
learn”	  (Stein,	  2000,	  p.	  11).	  	  There	  are	  four	  different	  categories	  of	  tasks	  that	  students	  may	  endure	  in	  their	  
mathematics	  careers,	  and	  they	  appear	  under	  two	  different	  demands	  –	  lower-­‐level	  versus	  higher-­‐level.	  	  
Lower-­‐level	  tasks	  are	  described	  as	  “memorization,	  and	  procedures	  without	  connections	  to	  
understanding,	  meaning,	  or	  concepts”	  (Stein,	  2000,	  p.	  12).	  	  These	  tasks	  are	  the	  traditional	  ‘drill	  and	  kill’	  
practice	  problems	  where	  students	  will	  do	  around	  30	  (give	  or	  take)	  in	  a	  class	  period.	  	  But	  the	  higher-­‐level	  
cognitive	  demands	  come	  from	  different	  types	  of	  tasks,	  described	  as	  “procedures	  with	  connections	  to	  
understanding,	  meaning,	  or	  concepts,”	  or	  even	  simply	  put	  –	  doing	  mathematics	  (Stein,	  2000,	  p.	  12).	  	  
These	  tasks	  require	  students	  to	  explore	  relationships,	  and	  present	  various	  representations.	  	  Figure	  3	  
describes	  some	  great	  example	  tasks	  of	  each	  category,	  all	  based	  on	  conversions	  with	  fractions.	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Figure	  3.	  Cognitive	  Demand	  of	  Mathematical	  Tasks	  (Stein,	  2000,	  p.	  13).	  
In	  contrast	  to	  lower-­‐level	  demand	  tasks,	  higher-­‐level	  demand	  tasks	  require	  far	  fewer	  problems	  in	  one	  
sitting	  based	  on	  the	  cognitive	  demand	  level.	  	  But	  one	  aspect	  of	  creating	  these	  tasks	  for	  students	  is	  
figuring	  out	  what	  type	  of	  cognitive	  demand	  the	  tasks	  requires,	  and	  what	  skills	  and	  ability	  is	  required	  to	  
complete	  the	  task.	  	  Educators	  are	  sometimes	  caught	  up	  in	  the	  superficial	  aspects	  of	  how	  tasks	  “look.”	  	  
Such	  as,	  if	  it	  is	  a	  word	  problem,	  if	  manipulatives	  are	  involved,	  or	  if	  it	  has	  real-­‐world	  context.	  	  It	  is	  much	  
easier	  for	  educators	  to	  pick	  an	  appropriate	  level	  task	  for	  students	  when	  they	  consider	  the	  learning	  goals.	  	  
In	  the	  case	  of	  the	  learning	  goals	  of	  mathematical	  creativity,	  tasks	  that	  require	  higher-­‐level	  demands,	  
such	  as	  procedures	  with	  connections	  and	  doing	  mathematics	  are	  the	  most	  appropriate	  tasks.	  
What	  the	  Research	  Says	  
	   There	  are	  relationships	  between	  mathematical	  creativity	  and	  other	  concepts	  such	  as	  “academic	  
ability,	  visualization	  and	  verbal	  abilities,	  and	  mathematical	  background”	  (Kajander,	  Manuel,	  &	  Sriraman,	  
2018,	  p.	  2).	  	  Students	  in	  the	  classroom	  are	  often	  referred	  to	  by	  their	  ability	  level	  –	  low,	  average,	  and	  high	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ability.	  	  High	  ability	  students	  might	  be	  referred	  to	  as	  gifted,	  and	  hence	  would	  also	  be	  considered	  highly	  
creative,	  as	  creativity	  is	  a	  characteristic	  of	  giftedness.	  	  The	  high	  ability	  students	  would	  be	  expected	  to	  
have	  high	  achievement	  on	  the	  Mathematical	  Creativity	  Test.	  	  The	  average	  ability	  students	  are	  expected	  
to	  have	  average	  performance	  and	  achievement	  on	  the	  Mathematical	  Creativity	  Test.	  	  The	  low	  ability	  
students	  would	  be	  expected	  to	  have	  low	  creative	  potential	  and	  have	  low	  performance	  and	  achievement	  
on	  the	  Mathematical	  Creativity	  Test.	  	  But,	  the	  main	  goal	  of	  this	  research	  is	  to	  improve	  student’s	  
mathematical	  creativity.	  	  Research	  shows	  that	  “challenging	  mathematical	  problems	  and	  flexible	  teaching	  
can	  help	  the	  development	  of	  mathematical	  creativity”	  (Kajander,	  Manuel,	  &	  Sriraman,	  2018,	  p.	  3).	  	  Good	  
problems	  provide	  opportunities	  to	  challenge	  student’s	  thinking	  and	  opportunities	  to	  problem-­‐solve	  and	  
display	  mathematical	  creativity.	  	  Research	  also	  shows	  that	  mathematical	  creativity	  is	  influenced	  by	  the	  
classroom	  environment.	  	  Providing	  students	  with	  opportunities	  to	  collaborate	  in	  groups,	  ask	  their	  own	  
questions,	  explore	  their	  own	  questions,	  make	  conjectures,	  find	  patterns,	  and	  work	  on	  spaces	  other	  than	  
desks	  will	  provide	  students	  with	  a	  classroom	  environment	  that	  fosters	  mathematical	  creativity.	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Chapter	  3	  –	  Methodology	  
	   The	  intervention	  will	  be	  implemented	  in	  two	  math	  classes	  at	  Great	  Falls	  High	  School	  in	  Great	  
Falls,	  Montana,	  throughout	  the	  Spring	  Semester	  of	  the	  2019-­‐2020	  school	  year.	  	  A	  sample	  of	  forty-­‐one	  
high	  school	  students,	  ages	  15-­‐17,	  were	  chosen	  for	  the	  intervention.	  	  The	  forty-­‐one	  students	  are	  made	  up	  
of	  two	  Intermediate	  Algebra	  sections.	  
	   Prior	  to	  the	  intervention,	  the	  classroom	  environment	  was	  structured	  in	  a	  traditional	  manner.	  	  
Desks	  were	  arranged	  in	  rows	  facing	  the	  front	  of	  the	  room.	  	  The	  curriculum	  was	  presented	  in	  a	  lecture-­‐
based	  manner,	  where	  occasionally	  the	  students	  were	  asked	  to	  work	  collaboratively	  on	  the	  white	  boards.	  	  
The	  curriculum	  was	  structured	  in	  a	  way	  such	  that	  students	  were	  required	  to	  do	  little	  thinking.	  	  The	  
students	  were	  regularly	  asked	  to	  repeat	  what	  had	  been	  shown	  during	  lecture,	  and	  to	  repeat	  algorithms	  
presented	  by	  the	  teacher.	  	  There	  was	  little	  opportunity	  for	  students	  to	  display	  their	  mathematical	  
creativity	  or	  problem-­‐solving	  skills.	  
	   For	  my	  research,	  I	  made	  use	  of	  a	  plan/act/reflect	  cycle,	  where	  one	  day	  was	  considered	  to	  be	  one	  
cycle.	  	  When	  implementing	  the	  classroom	  environment	  aspect	  of	  the	  intervention,	  an	  environment	  of	  
collaboration	  was	  fostered.	  	  The	  desks	  were	  arranged	  in	  pods	  of	  four,	  not	  necessarily	  front	  facing.	  	  
Students	  were	  assigned	  groups	  using	  Liljehdal’s	  method	  of	  visibly	  random	  grouping.	  	  The	  method	  chosen	  
for	  grouping	  was	  assigning	  a	  playing	  card	  that	  corresponded	  with	  a	  pod	  number	  (Ace	  to	  six).	  	  Students	  
were	  expected	  to	  draw	  a	  card,	  and	  sit	  at	  the	  pod	  with	  the	  corresponding	  number	  from	  the	  card,	  along	  
with	  up	  to	  three	  other	  classmates	  who	  were	  also	  randomly	  assigned	  to	  their	  pod.	  	  These	  pod	  numbers	  
also	  corresponded	  to	  a	  whiteboard	  around	  the	  room,	  giving	  each	  group	  the	  opportunity	  to	  use	  vertical	  
nonpermanent	  surfaces	  for	  collaboration	  as	  an	  option	  instead	  of	  sitting	  at	  the	  desks.	  	  Qualitative	  data	  
through	  field	  observations	  and	  notes	  will	  be	  kept	  on	  the	  effectiveness	  of	  visibly	  random	  grouping	  and	  
vertical	  nonpermanent	  surfaces	  throughout	  the	  intervention.	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   When	  implementing	  the	  curriculum	  component	  of	  the	  intervention,	  the	  students	  will	  be	  
exposed	  to	  a	  non-­‐traditional	  learning	  environment.	  	  Students	  will	  be	  asked	  to	  problem-­‐solve,	  showcase	  
mathematical	  creativity,	  and	  break	  from	  mental	  mathematical	  fixations.	  	  Student	  progress	  in	  increasing	  
mathematical	  creativity	  will	  be	  charted	  through	  aspects	  of	  fluency,	  flexibility,	  and	  originality	  on	  
Mathematical	  Creativity	  pre-­‐	  and	  posttests,	  validated	  by	  Walia	  &	  Walia	  (2017).	  	  Quantitative	  data	  will	  be	  
compared	  between	  pre-­‐	  and	  posttests	  by	  examining	  scores	  for	  fluency,	  flexibility,	  and	  originality,	  and	  a	  
summated	  score	  of	  all	  three	  components	  which	  will	  yield	  an	  estimated	  total	  of	  mathematical	  creativity.	  	  
In	  between	  the	  pre-­‐	  and	  posttests,	  student	  mathematical	  creativity	  will	  be	  fostered	  through	  selected	  
problem-­‐solving	  activities.	  	  The	  structure	  of	  each	  lesson	  was	  changed	  to	  utilize	  good	  problem-­‐solving	  
tasks,	  connected	  to	  the	  curriculum,	  permeating	  the	  entirety	  of	  the	  lesson.	  	  For	  resources	  on	  good	  
problem-­‐solving	  tasks,	  Liljehdal’s	  ‘Good	  Problems’	  were	  utilized,	  and	  Kaplinsky’s	  ‘Open	  Middle	  
Problems’	  were	  utilized.	  	  In	  order	  to	  encourage	  students	  to	  break	  fixations	  and	  mental	  sets	  that	  hold	  
them	  back	  from	  creativity,	  a	  reward	  system	  was	  developed	  to	  encourage	  and	  reward	  students	  for	  
thinking	  divergently	  and	  showcasing	  originality.	  	  This	  reward	  system	  was	  validated	  and	  modified	  from	  
Kaplinsky	  (1987).	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Chapter	  4	  –	  Results	  
Mathematical	  Creativity	  Pre-­‐Test	  
	   Students	  were	  given	  a	  bell	  ringer	  to	  start	  off	  thinking	  about	  the	  question	  –	  “What	  is	  
mathematical	  creativity?”	  	  Student	  answers	  were	  spot	  on	  with	  the	  definition	  of	  mathematical	  creativity	  
quoted	  throughout	  this	  research.	  	  Some	  student	  responses	  are	  as	  follows:	  “Finding	  real	  world	  situations	  
to	  represent	  math,”	  “Solving	  problems	  different	  than	  how	  you	  were	  taught,”	  “Freestyling	  the	  way	  you	  
want	  to	  do	  it,”	  “Using	  a	  different	  method	  but	  getting	  the	  same	  answer,”	  “Solving	  a	  problem	  in	  a	  way	  you	  
are	  comfortable.”	  
After	  the	  bell	  ringer,	  students	  were	  briefed	  on	  the	  basics	  of	  the	  research	  and	  the	  expectations	  for	  
the	  Mathematical	  Creativity	  Pre-­‐Test.	  	  A	  research	  assistant	  distributed	  the	  pretests	  to	  the	  students,	  
matching	  students	  with	  their	  appropriate	  pseudonym	  that	  is	  to	  be	  used	  on	  both	  pre-­‐	  and	  posttest,	  in	  
order	  for	  the	  results	  of	  the	  mathematical	  creativity	  scores	  to	  remain	  anonymous.	  	  Students	  were	  
allotted	  seven	  minutes	  per	  question,	  to	  answer	  as	  mathematically	  creative	  as	  possible	  the	  following	  four	  
questions	  (Walia	  &	  Walia,	  2017,	  p.	  1300):	  
1. Write	  as	  many	  relationships	  as	  you	  can	  between	  64	  and	  144.	  
2. Select	  few	  numbers	  from	  the	  given	  numbers	  (1,	  2,	  3,	  4,	  8,	  9,	  16,	  24,	  27,	  28,	  32,	  36,	  40,	  43,	  44,	  48,	  
49),	  showing	  some	  pattern	  or	  having	  relation	  with	  each	  other.	  
3. Write	  1000𝑎!𝑏!	  in	  different	  ways	  without	  changing	  the	  value.	  
4. Write	  as	  many	  geometrical	  shapes,	  figures	  and	  concepts	  in	  relation	  to	  different	  objects	  which	  
you	  observe	  in	  day	  to	  day	  life.	  
Students	  were	  assessed	  on	  their	  creativity	  and	  their	  ability	  to	  think	  divergently.	  	  Students	  were	  given	  
scores	  for	  fluency,	  flexibility,	  and	  originality	  using	  the	  following	  rubric:	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You	  will	  be	  scored	  as	  follows:	  
Fluency	  Score:	  	  the	  ratio	  between	  the	  total	  number	  of	  relevant	  and	  accurate	  responses	  provided	  by	  the	  
student	  to	  a	  particular	  item,	  to	  the	  maximum	  number	  of	  relevant	  and	  accurate	  responses	  provided	  by	  a	  
student	  in	  the	  investigative	  population.	  
	  
Flexibility	  Score:	  	  the	  ratio	  between	  the	  different	  types	  of	  categories	  or	  number	  of	  different	  types	  of	  
accurate	  solutions,	  to	  the	  maximum	  number	  of	  types	  of	  categories	  or	  number	  of	  different	  types	  of	  
accurate	  solutions	  by	  a	  student	  in	  the	  investigative	  population.	  
	  
Originality	  Score:	  	  calculated	  according	  to	  the	  frequency	  of	  a	  student’s	  solutions	  in	  relation	  to	  the	  
solutions	  provided	  by	  all	  the	  students.	  	  Scores	  for	  originality	  will	  be	  given	  on	  a	  scale	  from	  0-­‐4	  (See	  Table	  
1).	  
	  
Table	  1.	  	  
Assignment	  of	  Originality	  Scores	  from	  Zero	  to	  Four	  
You	  will	  be	  awarded	  a:	  
0,	  if	  …	   1,	  if	  …	   2,	  if…	  	   3,	  if	  …	   4,	  if	  …	  
>10%	  of	  other	  
students	  gave	  the	  
same	  response	  
8-­‐10%	  gave	  the	  
same	  response	  
6-­‐8%	  gave	  the	  
same	  response	  
4-­‐6%	  gave	  the	  
same	  response	  
<4%	  gave	  the	  
same	  response	  
Source:	  Adapted	  from	  Walia	  and	  Walia	  (2017,	  p.	  1296)	  
	  
The	  scoring	  percentages	  were	  adapted	  to	  accommodate	  a	  sample	  size	  of	  41	  students.	  	  Earning	  a	  
percentage	  of	  less	  than	  4%	  allows	  one	  student	  to	  be	  eligible	  for	  a	  score	  of	  4,	  indicating	  an	  idea	  that	  no	  
other	  students	  gave	  the	  same	  response.	  	  Earning	  a	  percentage	  between	  4	  to	  6%	  allows	  two	  students	  to	  
be	  eligible	  for	  a	  score	  of	  3,	  indicating	  an	  idea	  that	  two	  students	  gave	  the	  same	  response.	  	  Earning	  a	  
percentage	  between	  6	  to	  8%	  allows	  three	  students	  to	  be	  eligible	  for	  a	  score	  of	  2,	  indicating	  an	  idea	  that	  
three	  students	  gave	  the	  same	  response.	  	  Earning	  a	  percentage	  between	  8	  to	  10%	  allows	  four	  students	  to	  
be	  eligible	  for	  a	  score	  of	  1,	  indicating	  an	  idea	  that	  four	  students	  gave	  the	  same	  response.	  	  And	  earning	  a	  
percentage	  of	  10	  percent	  or	  more	  allows	  the	  remaining	  students	  to	  be	  eligible	  for	  a	  score	  of	  0,	  indicating	  
an	  idea	  that	  many	  students	  gave	  the	  same	  response.	  	  Students	  were	  eligible	  to	  earn	  at	  most	  4	  points	  per	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problem,	  and	  16	  points	  in	  total.	  	  The	  total	  originality	  score	  was	  calculated	  by	  the	  ratio	  of	  individual	  
points	  earned	  by	  the	  student	  to	  the	  maximum	  possible	  points	  available	  for	  originality	  (16	  points).	  	  As	  the	  
study	  was	  intended	  to	  be	  completed	  with	  a	  sample	  size	  of	  41	  students,	  the	  study	  ended	  with	  only	  a	  
sample	  size	  of	  13	  students	  because	  of	  the	  Covid-­‐19	  impact,	  and	  the	  adaptation	  to	  distance	  learning.	  	  
Because	  of	  this	  limited	  data	  set	  of	  13	  students,	  these	  percentages	  could	  not	  be	  utilized	  on	  a	  total	  of	  13	  
students,	  and	  hence	  the	  results	  could	  not	  be	  generalized	  to	  a	  population	  because	  of	  the	  limited	  data	  set.	  
The	  mean	  score	  of	  fluency,	  flexibility,	  and	  originality	  will	  yield	  an	  estimated	  total	  of	  
mathematical	  creativity!	  Student	  scores	  for	  fluency,	  flexibility,	  originality,	  and	  the	  average	  mathematical	  
creativity	  score	  are	  listed	  in	  Table	  2.	  	  Figure	  4	  is	  a	  box	  and	  whiskers	  plot	  of	  the	  math	  creativity	  scores	  for	  
students	  on	  the	  pretest.	  	  Figure	  4	  shares	  median	  scores,	  the	  range	  and	  spread	  of	  scores,	  and	  any	  outlier	  
scores	  that	  are	  particularly	  higher	  or	  lower	  than	  the	  rest	  of	  the	  student	  scores.	  
Table	  2.	  	  
Fluency,	  Flexibility,	  Originality,	  Total	  Math	  Creativity	  Pretest	  Scores	  
Student	  Number	   Fluency	  Score	   Flexibility	  Score	   Originality	  Score	   Math	  Creativity	  Score	  
1	   .51	   .27	   .00	   .26	  
2	   .36	   .28	   .13	   .26	  
3	   .33	   .37	   .13	   .28	  
4	   .16	   .14	   .00	   .10	  
5	   .35	   .41	   .19	   .32	  
6	   .27	   .30	   .19	   .25	  
7	   .31	   .26	   .00	   .19	  
8	   .17	   .17	   .00	   .11	  
9	   N/A	   N/A	   N/A	   N/A	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Student	  Number	   Fluency	  Score	   Flexibility	  Score	   Originality	  Score	   Math	  Creativity	  Score	  
10	   .46	   .41	   .25	   .37	  
11	   .57	   .49	   .13	   .40	  
12	   .66	   .40	   .00	   .35	  
13	   .28	   .19	   .00	   .16	  
14	   N/A	   N/A	   N/A	   N/A	  
15	   .34	   .27	   .00	   .20	  
16	   .30	   .32	   .06	   .23	  
17	   .30	   .35	   .00	   .22	  
18	   .80	   .67	   .25	   .57	  
19	   .36	   .40	   .19	   .32	  
20	   .20	   .22	   .25	   .22	  
21	   .16	   .23	   .25	   .21	  
22	   N/A	   N/A	   N/A	   N/A	  
23	   .27	   .44	   .19	   .30	  
24	   .30	   .45	   .00	   .25	  
25	   .23	   .29	   .00	   .17	  
26	   .27	   .22	   .00	   .16	  
27	   .53	   .32	   .06	   .30	  
28	   .21	   .33	   .19	   .24	  
29	   .79	   .89	   .38	   .69	  
30	   .46	   .46	   .25	   .39	  
31	   .55	   .41	   .00	   .32	  
32	   .23	   .28	   .00	   .17	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Student	  Number	   Fluency	  Score	   Flexibility	  Score	   Originality	  Score	   Math	  Creativity	  Score	  
33	   N/A	   N/A	   N/A	   N/A	  
34	   .21	   .24	   .00	   .15	  
35	   .60	   .23	   .25	   .36	  
36	   .55	   .85	   .56	   .65	  
37	   .37	   .33	   .25	   .32	  
38	   .64	   .52	   .06	   .41	  
39	   .42	   .22	   .00	   .21	  
40	   N/A	   N/A	   N/A	   N/A	  
41	   .23	   .22	   .00	   .15	  
	  
	  
	  
Figure	  4:	  Pretest	  Mathematical	  Creativity	  Scores	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Encouraging	  and	  Awarding	  Divergent	  Thinking	  Through	  Problem	  Solving	  
	   After	  the	  pre-­‐test,	  students	  partook	  in	  selected	  problem-­‐solving	  activities,	  originally	  planned	  to	  
be	  facilitated	  face-­‐to-­‐face,	  using	  aspects	  of	  a	  thinking	  classroom	  and	  collaboration	  in	  groups.	  	  But,	  
because	  of	  circumstances	  beyond	  my	  control,	  the	  Covid-­‐19	  pandemic	  caused	  a	  school	  closure,	  and	  
hence	  resulted	  in	  a	  change	  in	  how	  the	  problem-­‐solving	  intervention	  was	  presented.	  	  It	  was	  deemed	  
prohibited	  through	  the	  Institutional	  Review	  Board	  (IRB)	  that	  any	  study	  continue	  face-­‐to-­‐face	  research.	  	  
So,	  the	  study	  was	  converted	  to	  an	  online	  format,	  facilitated	  through	  Google	  Classroom	  and	  online	  
discussion	  forums.	  	  The	  students	  were	  to	  work	  through	  the	  selected	  problem-­‐solving	  activities	  in	  Figures	  
5–9.	  
Problem-­‐Solving	  Activity	  #1	  
	  
Figure	  5.	  Equidistant	  Points,	  Kaplinsky	  (2020)	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Problem-­‐Solving	  Activity	  #2	  
	  
	  
Figure	  6.	  Equations	  of	  Parallel	  and	  Perpendicular	  Lines,	  Kaplinsky	  (2020)	  
Problem-­‐Solving	  Activity	  #3	  
	  
Figure	  7.	  Parallel	  Lines	  and	  Perpendicular	  Transversals,	  Kaplinsky	  (2020)	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Problem-­‐Solving	  Activity	  #4	  
	  
	  
Figure	  8.	  Finding	  the	  Length	  of	  a	  Right	  Triangle’s	  Altitude,	  Kaplinsky	  (2020)	  
Problem-­‐Solving	  Activity	  #5	  
	  
Figure	  9.	  Triangle	  Perimeter,	  Liljehdal	  (2014)	  
In	  substitution	  of	  face-­‐to-­‐face	  collaboration,	  students	  were	  encouraged	  to	  collaborate	  through	  
discussion	  forums,	  sharing	  strategies	  they	  tried	  that	  were	  either	  successful	  or	  unsuccessful.	  	  In	  order	  to	  
encourage	  divergent	  thinking,	  students	  were	  expected	  to	  work	  through	  the	  exploratory	  and	  problem-­‐
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solving	  activities	  using	  a	  graphic	  organizer	  (see	  Figure	  10),	  encouraging	  and	  rewarding	  students	  to	  think	  
outside	  the	  box,	  and	  to	  break	  fixed	  mental	  sets.	  Students	  were	  encouraged	  to	  try	  six	  attempts	  at	  each	  
	  	  
Figure	  10:	  Reward	  for	  Divergent	  Thinking,	  adapted	  from	  Kaplinsky	  (2020)	  
problem-­‐solving	  activity,	  while	  explaining	  failed	  attempts,	  false	  starts,	  the	  strategy	  they	  chose,	  and	  how	  
the	  strategy	  will	  be	  adapted	  for	  the	  next	  attempt.	  	  The	  more	  attempts	  and	  the	  more	  explanations	  given,	  
the	  more	  points	  awarded	  to	  the	  student.	  	  The	  six	  attempts	  were	  allotted	  to	  encourage	  students	  to	  try	  
different	  strategies,	  think	  in	  novel	  ways,	  take	  risks,	  and	  be	  creative	  with	  the	  mathematics.	  
Student	  Work	  
	   For	  problem-­‐solving	  activity	  #1	  (Figure	  5),	  students	  were	  encouraged	  and	  facilitated	  to	  gain	  a	  
deeper	  understanding	  of	  equidistance,	  slope,	  and	  the	  distance	  formula.	  	  Figure	  11	  and	  Figure	  12	  share	  
some	  of	  the	  student’s	  responses.	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Figure	  11.	  Student	  A	  Work,	  Problem-­‐Solving	  Activity	  #1	  
	  
Figure	  12.	  Student	  B	  Work,	  Problem-­‐Solving	  Activity	  #1	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For	  problem-­‐solving	  activity	  #2	  (Figure	  6),	  students	  were	  encouraged	  to	  share	  knowledge	  and	  
understanding	  of	  equations	  of	  parallel	  and	  perpendicular	  lines.	  	  Little	  participation	  in	  the	  discussion	  
forums	  led	  me	  to	  guide	  the	  discussions	  by	  providing	  hints	  and	  starting	  points.	  	  I	  gave	  hint	  and	  question	  
prompts	  to	  start	  the	  discussion	  between	  peers	  (see	  Figure	  13).	  
	  
Figure	  13.	  Hints	  and	  Guiding	  Prompts	  for	  Problem-­‐Solving	  Activity	  #2	  
Figure	  14	  contains	  some	  responses	  students	  left	  in	  the	  discussion	  forum.	  
	  
	  
Figure	  14.	  Student	  Responses	  to	  Online	  Discussion	  Forum,	  Problem-­‐Solving	  Activity	  #2	  
Students	  used	  aspects	  of	  the	  hints	  and	  guiding	  prompts	  strategies	  listed	  in	  Figure	  13	  to	  come	  up	  with	  
the	  work	  shared	  in	  Figure	  15	  through	  Figure	  17.	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Figure	  15.	  Student	  B	  Work,	  Problem-­‐Solving	  Activity	  #2	  
	  
Figure	  16.	  	  Student	  C	  Work,	  Problem-­‐Solving	  Activity	  #2	  
	  
Figure	  17.	  Student	  D	  Work,	  Problem-­‐Solving	  Activity	  #2	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Throughout	  this	  activity,	  students	  really	  started	  to	  understand	  characteristics	  of	  parallel	  and	  
perpendicular	  lines,	  such	  as,	  parallel	  lines	  have	  same	  slope	  and	  different	  y-­‐intercept,	  while	  
perpendicular	  lines	  have	  opposite	  reciprocal	  slopes.	  	  Students	  struggled	  using	  the	  restrictions	  –	  only	  
allowed	  digits	  1	  through	  9	  to	  be	  used	  at	  most	  once	  –	  so,	  I	  typed	  feedback	  on	  each	  submission	  and	  gave	  
students	  opportunities	  to	  try	  again	  and	  resubmit.	  
For	  problem-­‐solving	  activity	  #3	  (Figure	  7),	  students	  were	  to	  gain	  a	  deeper	  understanding	  of	  
equations	  of	  parallel	  lines	  cut	  by	  a	  perpendicular	  transversal.	  	  Again,	  I	  prompted	  students	  to	  collaborate	  
on	  strategies	  in	  the	  discussion	  forum,	  initiating	  the	  discussion	  with	  the	  following	  hints	  and	  question	  
prompts	  shared	  in	  Figure	  18.	  
	  	  
Figure	  18.	  Hints	  and	  Guiding	  Prompts	  for	  Problem-­‐Solving	  Activity	  #3	  
Figures	  19–21	  share	  some	  responses	  students	  left	  in	  the	  discussion	  forum.	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Figure	  19.	  Student	  Responses	  to	  Online	  Discussion	  Forum,	  Problem-­‐Solving	  Activity	  #3	  
Students	  used	  aspects	  of	  the	  strategies	  listed	  in	  Figure	  19	  to	  come	  up	  with	  the	  work	  shared	  in	  Figure	  20	  
and	  Figure	  21.	  
	  
Figure	  20.	  Student	  B	  Work,	  Problem-­‐Solving	  Activity	  #3	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Figure	  21.	  Student	  C	  Work,	  Problem-­‐Solving	  Activity	  #3	  
Students	  tried	  to	  be	  creative,	  and	  use	  their	  developing	  understanding	  of	  what	  it	  means	  to	  be	  parallel	  or	  
perpendicular.	  	  Students	  seemed	  to	  struggle	  again	  with	  the	  restrictions	  –	  using	  only	  digits	  1	  through	  9	  at	  
most	  once.	  	  Again	  I	  gave	  the	  students	  feedback	  and	  an	  opportunity	  to	  try	  again	  and	  resubmit.	  
For	  problem-­‐solving	  activity	  #4	  (Figure	  8),	  students	  were	  encouraged	  to	  gain	  a	  deeper	  
understanding	  of	  finding	  distance	  from	  a	  point	  to	  a	  line,	  finding	  equations	  of	  lines,	  distance,	  area	  of	  a	  
triangle,	  and	  perpendicular	  lines.	  	  I	  prompted	  students	  to	  collaborate	  on	  different	  strategies	  and	  
facilitated	  discussion	  using	  the	  below	  hints	  and	  questions	  prompts	  in	  Figure	  22.	  
	  	  
Figure	  22.	  Hints	  and	  Guiding	  Prompts	  for	  Problem-­‐Solving	  Activity	  #4	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Figure	  23	  shares	  some	  responses	  students	  left	  in	  the	  discussion	  forum.	  
	  
	  
Figure	  23.	  Student	  Responses	  to	  Online	  Discussion	  Forum,	  Problem-­‐Solving	  Activity	  #4	  
Strategies	  from	  Figure	  23	  were	  utilized	  to	  come	  up	  with	  the	  work	  found	  in	  Figures	  24	  through	  26.	  
	  
Figure	  24.	  Student	  B	  Work,	  Problem-­‐Solving	  Activity	  #4	  
	  
Figure	  25.	  Student	  E	  Work,	  Problem-­‐Solving	  Activity	  #4	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Figure	  26.	  Student	  E	  Work,	  Problem-­‐Solving	  Activity	  #4	  
This	  problem-­‐solving	  activity	  was	  a	  great	  one	  because	  there	  are	  so	  many	  methods	  students	  could	  try	  to	  
reach	  an	  answer.	  	  It	  also	  pulled	  together	  all	  the	  topics	  we	  had	  been	  working	  on,	  allowing	  students	  to	  
show	  what	  they	  know.	  	  I	  saw	  more	  students	  being	  creative	  and	  trying	  different	  approaches,	  even	  if	  
those	  strategies	  lead	  them	  to	  dead	  ends.	  	  I	  again	  encouraged	  them	  through	  feedback	  to	  revise	  their	  
strategies	  and	  resubmit.	  
The	  last	  problem-­‐solving	  activity	  #5	  (Figure	  9),	  students	  were	  encouraged	  to	  gain	  a	  deeper	  
understanding	  of	  the	  optimization	  of	  a	  perimeter	  of	  a	  triangle.	  	  I	  prompted	  the	  students	  to	  collaborate	  
on	  different	  strategies,	  focusing	  this	  last	  time	  on	  students	  relying	  on	  their	  peers	  for	  assistance	  instead	  of	  
relying	  on	  me.	  	  I	  encouraged	  students	  to	  perfect	  their	  strategies	  through	  feedback	  and	  hints	  shown	  in	  
Figure	  27.	  
	  
Figure	  27.	  Hints	  and	  Guiding	  Prompts	  for	  Problem-­‐Solving	  Activity	  #5	  
Strategies	  shown	  in	  Figure	  27	  were	  utilized	  to	  come	  up	  with	  the	  work	  shared	  in	  Figure	  28.	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Figure	  28.	  Student	  F	  Work,	  Problem-­‐Solving	  Activity	  #5	  
The	  students	  struggled	  with	  this	  activity	  in	  understanding	  what	  is	  meant	  by	  the	  line	  y=x.	  	  Most	  assumed	  
it	  was	  the	  y-­‐axis,	  much	  like	  the	  attempt	  above.	  	  The	  students	  utilized	  GeoGebra	  for	  this	  attempt,	  which	  I	  
thought	  was	  a	  thoughtful	  choice	  when	  needing	  to	  optimize	  the	  perimeter.	  	  I	  encouraged	  them	  to	  think	  
about	  what	  we	  had	  been	  practicing	  in	  class,	  with	  finding	  the	  shortest	  distance	  from	  a	  point	  to	  a	  line,	  and	  
how	  that	  might	  help	  find	  the	  minimum	  perimeter.	  	  I	  encouraged	  students	  to	  perfect	  their	  attempts	  and	  
resubmit.	  
Mathematical	  Creativity	  Posttest	  
	   After	  the	  above	  problem-­‐solving	  intervention	  was	  complete,	  the	  students	  completed	  the	  
Mathematical	  Creativity	  Posttest,	  in	  final	  attempt	  to	  display	  how	  their	  mathematical	  creativity	  has	  
developed.	  	  Because	  of	  the	  Covid-­‐19	  pandemic,	  and	  the	  circumstances	  that	  have	  followed,	  the	  
presentation	  of	  the	  posttest	  had	  to	  be	  modified	  as	  well.	  	  As	  indicated	  previously,	  the	  IRB	  prohibited	  the	  
continuation	  of	  face-­‐to-­‐face	  research,	  and	  so	  the	  presentation	  of	  the	  posttest	  had	  to	  be	  distributed	  
through	  an	  online	  platform.	  	  I	  set	  up	  a	  post	  on	  Google	  Classroom,	  attaching	  a	  pdf	  version	  of	  the	  posttest.	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Students	  were	  to	  retrieve	  the	  posttest,	  take	  the	  posttest	  at	  home	  following	  the	  same	  protocol	  as	  given	  
for	  the	  pretest,	  and	  then	  upload	  photos	  of	  their	  work	  to	  the	  research	  assistant’s	  Google	  Drive.	  	  This	  
process	  allowed	  the	  research	  assistant	  to	  code	  the	  posttests	  with	  the	  corresponding	  pseudonym	  as	  used	  
on	  the	  pretest,	  ensuring	  the	  anonymity	  of	  the	  student	  work.	  	  The	  posttest	  were	  then	  sent	  to	  me	  so	  that	  I	  
could	  give	  scores	  for	  fluency,	  flexibility,	  originality,	  and	  mathematical	  creativity,	  and	  compare	  creativity	  
scores	  from	  pre-­‐	  to	  posttest.	  
	   The	  students	  were	  allotted	  seven	  minutes	  per	  question,	  to	  answer	  as	  mathematically	  creative	  as	  
possible	  the	  following	  four	  questions:	  
1. (Boesen,	  2006,	  p.	  34)	  Give	  an	  example	  of	  a	  number	  somewhere	  between	  5 ∗ 10!!	  and	  5 ∗ 10!!.	  
2. (Boesen,	  2006,	  p.	  33)	  You’re	  about	  to	  build	  an	  aquarium	  in	  glass	  in	  roughly	  160	  liters.	  	  Propose	  
suitable	  measures.	  
3. (Boesen,	  2006,	  p.	  37)	  Figure	  3.5	  shows	  the	  letter	  M,	  placed	  on	  a	  horizontal	  surface.	  	  The	  two	  
vertical	  “supporting	  legs”	  are	  equally	  long.	  	  Show	  that	  𝑣   =   2𝑥.	  
	  
4. (Walia	  &	  Walia,	  2017,	  p.	  1300)	  (Note:	  Rs.	  represents	  a	  rupee,	  or	  Indian	  currency)	  Suppose	  you	  
and	  your	  friend	  are	  playing	  in	  a	  rectangular	  park	  having	  a	  length	  160	  m	  and	  breadth	  120	  m.	  	  The	  
park	  is	  surrounded	  by	  a	  footpath	  having	  a	  width	  of	  3	  m.	  The	  cost	  of	  fencing	  is	  Rs.	  35	  per	  meter.	  
It	  needs	  to	  be	  cemented	  at	  the	  rate	  of	  Rs.	  120	  per	  square	  meter.	  The	  cost	  of	  one	  bag	  of	  cement	  
is	  Rs.	  350.	  The	  grass	  lawn	  is	  divided	  into	  four	  sections	  by	  two	  intersecting	  paths	  having	  width	  of	  
2	  m.	  The	  path	  is	  also	  required	  to	  be	  tiled.	  9	  tiles	  of	  15×12	  cm	  are	  required	  to	  cover	  1	  m2	  area	  of	  
footpath.	  There	  is	  one	  flowering	  bed	  of	  8	  m	  ×	  8	  m	  in	  one	  corner	  of	  each	  section	  of	  the	  grass	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lawn.	  Cost	  of	  planting	  flowers	  in	  4	  m2	  areas	  is	  Rs.	  100.	  Now,	  your	  task	  is	  to	  frame	  as	  many	  
problems	  as	  you	  can	  from	  the	  data	  given	  in	  problem	  as	  well	  as	  in	  diagram.	  
Students	  were	  graded	  on	  their	  creativity	  and	  their	  ability	  to	  think	  divergently.	  	  Students	  were	  given	  
scores	  for	  fluency,	  flexibility,	  and	  originality	  using	  the	  same	  rubric	  as	  used	  on	  the	  pretest.	  	  The	  
summated	  score	  of	  fluency,	  flexibility,	  and	  originality	  will	  yield	  an	  estimated	  total	  of	  mathematical	  
creativity.	  	  Because	  of	  the	  circumstances	  described	  throughout,	  there	  was	  significantly	  less	  online	  
submissions	  than	  what	  was	  retrieved	  from	  face-­‐to-­‐face	  submissions.	  	  Student	  scores	  for	  fluency,	  
flexibility,	  originality,	  and	  the	  summated	  mathematical	  creativity	  score	  are	  provided	  in	  Table	  3.	  
Table	  3.	  Fluency,	  Flexibility,	  Originality,	  Total	  Math	  Creativity	  Posttest	  Scores	  
Student	  Number	   Fluency	  Score	   Flexibility	  Score	   Originality	  Score	   Math	  Creativity	  Score	  
1	   N/A	   N/A	   N/A	   N/A	  
2	   N/A	   N/A	   N/A	   N/A	  
3	   .00	   .38	   .31	   .23	  
4	   N/A	   N/A	   N/A	   N/A	  
5	   N/A	   N/A	   N/A	   N/A	  
6	   .08	   .33	   .13	   .18	  
7	   .13	   .25	   .06	   .15	  
8	   N/A	   N/A	   N/A	   N/A	  
9	   N/A	   N/A	   N/A	   N/A	  
10	   N/A	   N/A	   N/A	   N/A	  
11	   N/A	   N/A	   N/A	   N/A	  
12	   .50	   .50	   .31	   .44	  
13	   N/A	   N/A	   N/A	   N/A	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14	   N/A	   N/A	   N/A	   N/A	  
15	   .43	   .58	   .19	   .40	  
16	   N/A	   N/A	   N/A	   N/A	  
17	   .50	   .63	   .56	   .56	  
18	   N/A	   N/A	   N/A	   N/A	  
19	   N/A	   N/A	   N/A	   N/A	  
20	   N/A	   N/A	   N/A	   N/A	  
21	   N/A	   N/A	   N/A	   N/A	  
22	   N/A	   N/A	   N/A	   N/A	  
23	   N/A	   N/A	   N/A	   N/A	  
24	   .50	   .63	   .63	   .59	  
25	   .05	   .25	   .00	   .10	  
26	   N/A	   N/A	   N/A	   N/A	  
27	   N/A	   N/A	   N/A	   N/A	  
28	   .21	   .72	   .50	   .48	  
29	   N/A	   N/A	   N/A	   N/A	  
30	   N/A	   N/A	   N/A	   N/A	  
31	   .08	   .21	   .13	   .14	  
32	   N/A	   N/A	   N/A	   N/A	  
33	   N/A	   N/A	   N/A	   N/A	  
34	   N/A	   N/A	   N/A	   N/A	  
35	   N/A	   N/A	   N/A	   N/A	  
36	   N/A	   N/A	   N/A	   N/A	  
37	   .40	   .46	   .44	   .43	  
38	  
	  
38	   .46	   .72	   .50	   .56	  
39	   N/A	   N/A	   N/A	   N/A	  
40	   N/A	   N/A	   N/A	   N/A	  
41	   .08	   .46	   .13	   .22	  
	  
	  
Figure	  29.	  Posttest	  Mathematical	  Creativity	  Scores	  
Analyzing	  Results	   	  
	   As	  previously	  described	  throughout	  the	  research,	  I	  set	  out	  to	  explore	  how	  mathematical	  
creativity	  can	  develop	  through	  the	  use	  of	  selected	  problem-­‐solving	  activities	  using	  collaboration	  and	  
aspects	  of	  a	  thinking	  classroom.	  	  Due	  to	  the	  school	  closure	  and	  the	  Covid-­‐19	  pandemic,	  I	  encountered	  
unexpected	  circumstances,	  and	  had	  to	  adapt	  my	  research	  to	  fit	  within	  an	  online	  platform.	  	  One	  of	  the	  
unexpected	  circumstances	  that	  resulted	  throughout	  this	  transition	  was	  online	  participation	  and	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classwork	  turn-­‐in	  percentages.	  	  For	  my	  second	  period	  Intermediate	  Algebra	  class,	  19%	  turned	  in	  the	  
mathematical	  creativity	  assignments.	  	  For	  my	  third	  period	  Intermediate	  Algebra	  class,	  21%	  turned	  in	  the	  
mathematical	  creativity	  assignments.	  	  Despite	  my	  efforts	  to	  award	  divergent	  thinking,	  by	  awarding	  two	  
points	  per	  attempt,	  and	  two	  points	  per	  explanation,	  few	  students	  made	  it	  past	  three	  attempts.	  	  A	  
second	  unexpected	  circumstance	  that	  resulted	  throughout	  this	  transition	  was	  moving	  from	  collaborative	  
work	  to	  independent	  work.	  	  Because	  of	  the	  aforementioned	  circumstances,	  there	  was	  no	  other	  option	  
but	  for	  students	  to	  work	  independently	  from	  home	  on	  the	  math	  creativity	  assignments.	  	  I	  tried	  to	  adapt	  
to	  online	  collaboration,	  by	  setting	  up	  discussion	  forums	  where	  students	  were	  encouraged	  to	  collaborate	  
on	  strategies,	  successes,	  and	  not	  so	  successful	  attempts.	  	  Despite	  my	  attempts	  to	  prompt	  responses,	  
and	  to	  prompt	  discussions,	  there	  was	  10%	  student	  participation	  in	  the	  discussion	  forums	  for	  my	  third	  
period	  class,	  and	  15%	  student	  participation	  in	  the	  discussion	  forums	  for	  my	  second	  period	  class.	  	  These	  
circumstances	  will	  be	  taken	  into	  consideration	  when	  analyzing	  and	  comparing	  scores	  between	  pre-­‐	  and	  
posttest	  scores.	  
	   In	  analyzing	  the	  problem-­‐solving	  activities,	  some	  prompts	  seemed	  to	  work	  better	  than	  others	  in	  
promoting	  creative	  approaches.	  	  The	  first	  three	  problem-­‐solving	  activities	  showed	  to	  be	  difficult	  for	  the	  
students.	  	  These	  problems	  are	  characterized	  by	  what	  is	  considered	  to	  be	  open-­‐ended	  problems,	  allowing	  
students	  to	  provide	  multiple	  solution	  paths	  to	  reach	  a	  solution.	  	  These	  three	  problems	  are	  different	  than	  
the	  other	  two	  problems	  for	  the	  fact	  that	  these	  problems	  contain	  limitations	  on	  what	  numbers	  the	  
students	  could	  use	  to	  solve	  the	  problem.	  	  Some	  students	  tried	  these	  problems	  without	  regard	  to	  the	  
limitations,	  and	  displayed	  more	  creative	  approaches	  than	  students	  who	  tried	  with	  regard	  to	  the	  number	  
limitations.	  	  Problem-­‐solving	  activity	  #4	  was	  a	  prompt	  where	  students	  showcased	  the	  most	  creativity	  
and	  original	  responses.	  	  This	  problem	  was	  characterized	  as	  an	  open-­‐ended	  problem,	  and	  did	  not	  have	  
any	  limitations	  as	  to	  how	  to	  solve	  the	  problem,	  as	  provided	  in	  the	  first	  three	  prompts.	  	  Students	  were	  
able	  to	  showcase	  creativity,	  as	  they	  were	  given	  a	  starting	  and	  ending	  point	  but	  no	  limitations	  for	  how	  to	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reach	  a	  conclusion,	  or	  what	  solution	  path	  to	  take.	  	  The	  fifth	  problem-­‐solving	  prompt	  gave	  students	  the	  
freedom	  to	  set	  up	  a	  starting	  point.	  	  It	  was	  up	  to	  them	  to	  place	  points	  on	  the	  indicated	  lines,	  but	  with	  no	  
specific	  limitations	  other	  than	  to	  use	  points	  on	  the	  indicated	  lines.	  	  Problem-­‐solving	  activity	  #5	  was	  very	  
open-­‐ended,	  giving	  students	  no	  starting	  or	  ending	  point.	  	  There	  was	  room	  for	  creativity	  and	  originality	  
throughout	  this	  prompt,	  but	  the	  prompt	  seemed	  to	  be	  too	  open-­‐ended	  for	  the	  fact	  that	  the	  students	  
had	  no	  guidance	  in	  reaching	  a	  conclusion.	  	  The	  most	  effective	  problem-­‐solving	  prompts	  in	  promoting	  
creative	  approaches	  are	  open-­‐ended	  problems,	  with	  a	  starting	  point,	  that	  provide	  opportunities	  for	  
students	  to	  use	  multiple	  solution	  paths	  to	  reach	  a	  conclusion.	  	  It	  is	  also	  important	  that	  the	  prompts	  
provide	  a	  high	  level	  of	  cognitive	  demand,	  but	  require	  a	  skill	  and	  ability	  level	  that	  is	  appropriate	  for	  the	  
student	  population,	  and	  will	  allow	  students	  to	  maintain	  a	  state	  of	  flow.	  
	   The	  results	  of	  the	  Mathematical	  Creativity	  Pretest	  show	  an	  average	  student	  mathematical	  
creativity	  score	  of	  0.285,	  a	  median	  score	  of	  0.255,	  and	  a	  standard	  deviation	  of	  0.13.	  	  The	  results	  of	  the	  
Mathematical	  Creativity	  Posttest	  show	  an	  average	  student	  mathematical	  creativity	  score	  of	  0.34,	  a	  
median	  score	  of	  0.40,	  and	  a	  standard	  deviation	  of	  0.17.	  	  These	  scores	  look	  deceiving	  when	  taking	  into	  
consideration	  the	  number	  of	  students	  who	  completed	  the	  pretest	  and	  the	  number	  of	  students	  who	  
completed	  the	  posttest.	  	  There	  was	  a	  total	  of	  36	  students	  who	  completed	  the	  pretest,	  and	  a	  total	  of	  13	  
students	  who	  completed	  the	  posttest.	  	  I	  will	  further	  analyze	  the	  scores	  of	  corresponding	  pre-­‐	  and	  
posttest	  mathematical	  creativity	  scores,	  shown	  in	  Table	  4.	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Table	  4.	  	  
Corresponding	  Pretest	  Scores	  Verse	  Posttest	  Scores	  
	   Pretest	  Scores	   	   Posttest	  Scores	  
Student	  
Number	  
Fluency	  
Score	  
Flexibility	  
Score	  
Originality	  
Score	  
Math	  
Creativity	  
Score	  
Fluency	  
Score	  
Flexibility	  
Score	  
Originality	  
Score	  
Math	  
Creativity	  
Score	  
3	   .33	   .37	   .13	   .26	   .00	   .38	   .31	   .23	  
6	   .27	   .30	   .19	   .25	   .08	   .33	   .13	   .18	  
7	   .31	   .26	   .00	   .19	   .13	   .25	   .06	   .15	  
12	   .66	   .40	   .00	   .35	   .50	   .50	   .31	   .44	  
15	   .34	   .27	   .00	   .20	   .43	   .58	   .19	   .40	  
17	   .30	   .35	   .00	   .22	   .50	   .63	   .56	   .56	  
24	   .30	   .45	   .00	   .25	   .50	   .63	   .63	   .59	  
25	   .23	   .29	   .00	   .17	   .05	   .25	   .00	   .10	  
28	   .21	   .33	   .19	   .24	   .21	   .72	   .50	   .48	  
31	   .55	   .41	   .00	   .32	   .08	   .21	   .13	   .14	  
37	   .37	   .33	   .25	   .32	   .40	   .46	   .44	   .43	  
38	   .64	   .52	   .06	   .41	   .46	   .72	   .50	   .56	  
41	   .23	   .22	   .00	   .15	   	   .08	   .46	   .13	   .22	  
	  
Figure	  30	  is	  a	  box	  and	  whiskers	  plot	  that	  shows	  the	  pretest	  scores	  of	  the	  13	  students	  who	  completed	  
both	  pre-­‐	  and	  posttest	  with	  an	  average	  mathematical	  creativity	  score	  of	  0.256,	  a	  median	  of	  0.25,	  and	  a	  
standard	  deviation	  of	  0.07.	  	  The	  posttest	  scores	  of	  the	  same	  13	  students	  who	  completed	  both	  pre-­‐	  and	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posttest	  had	  an	  average	  mathematical	  creativity	  score	  of	  0.345,	  a	  median	  of	  0.4,	  and	  a	  standard	  
deviation	  of	  0.17.	  
	  
Figure	  30.	  Corresponding	  Pre-­‐	  and	  Posttest	  Math	  Creativity	  Scores	  Box	  Plot	  
	   Figure	  31	  depicts	  a	  scatter	  plot	  of	  each	  student’s	  pretest	  vs.	  posttest	  scores	  on	  Total	  Math	  
Creativity.	  	  Those	  points	  above	  the	  line	  y=x	  depict	  a	  student	  who	  increased	  test	  scores.	  
	  
Figure	  31.	  Corresponding	  Pre-­‐	  and	  Posttest	  Mathematical	  Creativity	  Scores	  Scatter	  Plot	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The	  total	  mathematical	  creativity	  scores	  can	  be	  broken	  down	  into	  three	  different	  aspects	  of	  divergent	  
thinking:	  fluency,	  flexibility,	  and	  originality.	  	  The	  average	  scores	  for	  each	  component	  for	  pre-­‐	  and	  
posttest	  of	  the	  13	  students	  who	  completed	  both	  tests	  is	  displayed	  below.	  
	  
Figure	  32.	  Corresponding	  Pre-­‐	  and	  Posttest	  Fluency	  Scores	  Box	  Plot	  
	  
Figure	  33.	  Corresponding	  Pre-­‐	  and	  Posttest	  Fluency	  Scores	  Scatter	  Plot	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Figure	  34.	  Corresponding	  Pre-­‐	  and	  Posttest	  Flexibility	  Scores	  Box	  Plot	  
	  
Figure	  35.	  Corresponding	  Pre-­‐	  and	  Posttest	  Flexibility	  Scores	  Scatter	  Plot	  
45	  
	  
	  
Figure	  36.	  Corresponding	  Pre-­‐	  and	  Posttest	  Originality	  Scores	  Box	  Plot	  
	  
Figure	  37.	  Corresponding	  Pre-­‐	  and	  Posttest	  Originality	  Scores	  Scatter	  Plot	  
The	  average	  scores	  for	  fluency	  showed	  a	  decrease	  between	  pre-­‐	  to	  posttest,	  while	  the	  average	  scores	  
for	  flexibility	  and	  originality	  showed	  significant	  increase.	  	  It	  is	  impressive	  to	  see	  such	  an	  increase	  in	  
originality	  scores	  between	  pre-­‐	  to	  posttest.	  	  As	  previously	  stated	  throughout	  the	  research,	  the	  originality	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component	  was	  expected	  to	  be	  the	  most	  difficult	  component	  to	  increase,	  based	  on	  fixed	  mental	  sets	  
formulated	  from	  traditional	  delivery	  methods	  of	  the	  mathematics	  curriculum.	  	  In	  analyzing	  the	  results,	  
only	  one-­‐third	  of	  all	  the	  Intermediate	  Algebra	  students	  were	  accounted	  for,	  but	  of	  those	  13	  students,	  
their	  overall	  mathematical	  creativity	  increased	  and	  developed	  in	  some	  respects.	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Chapter	  5	  –	  Reflections	  and	  Next	  Steps	  
	   The	  most	  challenging	  part	  of	  implementing	  the	  problem-­‐solving	  intervention	  was	  encouraging	  
the	  originality	  aspect	  of	  divergent	  thinking.	  	  Originality	  was	  calculated	  by	  the	  frequency	  of	  the	  same	  
response	  of	  each	  student’s	  answer	  in	  relation	  to	  other	  students’	  answers.	  	  The	  problem-­‐solving	  
questions	  provided	  on	  the	  pre-­‐	  and	  posttest	  were	  chosen	  specifically	  because	  of	  the	  multiple	  pathways	  
to	  reach	  a	  solution,	  and	  multiple	  solutions	  are	  appropriate	  for	  each	  question.	  	  This	  required	  the	  students	  
to	  rely	  on	  their	  prior	  knowledge	  to	  come	  up	  with	  a	  solution,	  and	  not	  rely	  on	  specific	  algorithms	  to	  solve.	  	  
If	  relying	  on	  algorithms,	  it	  is	  likely	  that	  other	  students	  will	  have	  the	  same	  response,	  and	  originality	  scores	  
will	  be	  low.	  	  It	  was	  expected	  for	  students	  to	  have	  low	  originality	  scores	  prior	  to	  the	  intervention,	  
because	  of	  their	  fixed	  mental	  sets	  caused	  by	  traditional	  school	  experiences.	  	  The	  problem-­‐solving	  
intervention	  was	  implemented	  to	  help	  break	  those	  fixations	  and	  mental	  sets.	  	  The	  graphic	  organizer	  was	  
also	  used	  to	  encourage	  and	  reward	  students	  for	  taking	  risks,	  normalizing	  failures	  and	  false	  starts,	  and	  
explaining	  why	  their	  strategy	  was	  successful	  or	  unsuccessful.	  	  This	  technique	  pushed	  students	  to	  step	  
out	  of	  their	  comfort	  zone,	  and	  think	  outside	  the	  box.	  
	   Another	  challenging	  part	  of	  implementing	  the	  problem-­‐solving	  intervention	  was	  adapting	  
aspects	  of	  a	  thinking	  classroom	  to	  an	  online	  platform.	  	  The	  only	  part	  of	  the	  research	  that	  was	  completed	  
face-­‐to-­‐face	  was	  the	  implementation	  of	  the	  Mathematical	  Creativity	  Pretest.	  	  Visibly	  random	  grouping	  
was	  utilized	  for	  the	  seating	  of	  the	  pretest	  implementation.	  	  The	  rest	  of	  the	  research	  was	  converted	  to	  an	  
online	  platform.	  	  Given	  the	  circumstances,	  students	  were	  encouraged	  to	  collaborate	  on	  strategies,	  but	  
each	  student	  was	  required	  to	  turn	  in	  individual	  work.	  	  Ideally,	  students	  would	  have	  worked	  face-­‐to-­‐face	  
in	  groups	  of	  three	  to	  four,	  and	  would	  have	  been	  given	  opportunities	  to	  work	  on	  nonpermanent	  vertical	  
surfaces.	  	  In	  supplement	  to	  these	  aspects	  of	  a	  thinking	  classroom,	  students	  were	  encouraged	  to	  use	  
technology	  such	  as	  Desmos	  and	  GeoGebra,	  and	  to	  collaborate	  virtually	  through	  online	  chat	  forums.	  	  The	  
online	  chat	  forums	  proved	  to	  be	  unsuccessful,	  despite	  my	  efforts	  to	  guide	  and	  prompt	  discussions.	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   After	  analyzing	  the	  results,	  the	  data	  I	  was	  able	  to	  compare	  showed	  a	  significant	  increase	  in	  total	  
mathematical	  creativity,	  originality,	  and	  flexibility	  scores,	  and	  showing	  decrease	  in	  fluency	  scores.	  	  In	  
having	  to	  administer	  the	  posttest	  online,	  it	  was	  more	  difficult	  to	  hold	  students	  accountable	  for	  
submitting	  posttests	  than	  it	  would	  be	  if	  implementing	  face-­‐to-­‐face.	  	  But	  despite	  the	  circumstances,	  the	  
goal	  of	  this	  research	  was	  to	  improve	  mathematical	  creativity	  in	  secondary	  mathematics	  students	  using	  
good	  problem-­‐solving	  tasks,	  and	  the	  results	  show	  that	  this	  goal	  was	  achieved.	  
The	  results	  encouraged	  me	  to	  continue	  implementing	  problem-­‐solving	  tasks	  through	  an	  online	  
platform	  for	  the	  remainder	  of	  the	  school	  year,	  in	  order	  to	  continue	  to	  improve	  my	  students’	  math	  
creativity	  and	  divergent	  thinking	  skills.	  	  In	  continuing	  the	  intervention,	  I	  will	  continue	  to	  implement	  as	  
the	  circumstances	  will	  provide	  the	  aspects	  of	  a	  thinking	  classroom.	  	  In	  order	  to	  implement	  the	  
collaboration	  and	  random	  grouping	  components	  of	  a	  thinking	  classroom,	  I	  will	  assign	  students	  randomly	  
to	  groups	  of	  three	  to	  four.	  	  Each	  group	  will	  be	  encouraged	  to	  collaborate	  through	  an	  online	  shareable	  
platform,	  such	  as	  google	  docs,	  to	  complete	  selected	  problem-­‐solving	  tasks	  as	  a	  group.	  	  Students	  will	  be	  
able	  to	  use	  technology,	  dynamic	  geometry	  software,	  pen	  and	  paper,	  or	  any	  tools	  needed	  to	  complete	  
the	  problem-­‐solving	  tasks	  as	  a	  supplement	  to	  using	  nonpermanent	  vertical	  surfaces.	  	  I	  will	  use	  these	  
adjustments	  to	  continue	  developing	  and	  improving	  my	  student’s	  mathematical	  abilities,	  mathematical	  
creativity,	  and	  divergent	  thinking	  skills	  through	  the	  use	  of	  problem-­‐solving	  tasks.	  
The	  results	  also	  encouraged	  me	  to	  think	  about	  the	  future	  of	  the	  mathematics	  classroom.	  	  
Because	  of	  the	  Covid-­‐19	  circumstances,	  and	  transitioning	  to	  distance	  learning,	  many	  math	  educators	  
have	  defaulted	  to	  assigning	  worksheets	  that	  students	  can	  complete	  from	  home,	  designed	  in	  a	  way	  that	  
parents	  will	  hopefully	  be	  able	  to	  guide	  their	  students	  through	  the	  work.	  	  The	  ideas	  of	  a	  traditional	  
classroom	  were	  adapted	  to	  be	  utilized	  in	  an	  online	  platform	  from	  home,	  where	  students	  are	  expected	  to	  
solve	  repetitive	  procedural	  math	  problems	  that	  require	  repeating	  a	  pattern	  or	  algorithm	  taught	  from	  a	  
tutorial	  YouTube	  or	  lecture	  video.	  	  As	  educators	  have	  seen	  around	  the	  country	  throughout	  the	  Covid-­‐19	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pandemic,	  students	  are	  struggling	  with	  the	  transition	  to	  distance	  learning.	  	  As	  did	  my	  students	  in	  
transitioning	  to	  an	  online	  platform,	  which	  effected	  the	  outcome	  of	  the	  study.	  	  But	  this	  led	  me	  to	  
question	  the	  validity	  of	  using	  worksheets	  for	  teaching	  online.	  	  Worksheets	  only	  assess	  procedural	  
knowledge,	  where	  there	  is	  the	  potential	  for	  students	  to	  complete	  the	  problems	  wrong	  repeatedly	  
throughout	  the	  entire	  worksheet.	  	  Worksheets	  do	  not	  give	  us	  rich	  information	  on	  what	  students	  know	  
or	  do	  not	  know.	  	  As	  mentioned	  throughout	  the	  literature	  review,	  worksheets	  might	  tell	  us	  whether	  
there	  are	  gaps	  in	  knowledge,	  but	  there	  are	  instances	  in	  classrooms	  where	  students	  get	  correct	  answers	  
on	  a	  worksheet,	  but	  fail	  to	  gain	  a	  deep	  conceptual	  understanding,	  or	  even	  do	  poorly	  on	  exams	  or	  
standardized	  tests	  regarding	  the	  same	  material.	  	  A	  large	  part	  of	  mathematics	  is	  finding	  patterns,	  and	  
when	  using	  worksheets,	  oftentimes	  students	  can	  guess	  and	  check	  their	  way	  through.	  	  These	  worksheets	  
transform	  to	  the	  typical	  types	  of	  problems	  seen	  in	  the	  traditional	  classroom,	  surface	  level	  problems,	  
repeating	  a	  procedure	  or	  algorithm.	  	  Students	  are	  not	  gaining	  a	  conceptual	  understanding	  of	  the	  
material	  and	  are	  not	  shown	  how	  to	  apply	  the	  material	  in	  a	  meaningful	  way.	  	  It	  is	  evident	  now	  more	  than	  
ever	  that	  the	  traditional	  teaching	  style	  that	  has	  been	  used	  for	  years	  is	  not	  working,	  and	  what	  better	  time	  
than	  now	  to	  make	  a	  change.	  	  The	  classroom	  experience	  should	  be	  an	  experience	  of	  collaboration	  and	  
idea	  sharing.	  	  Problem-­‐solving	  problems	  should	  be	  utilized	  to	  develop	  a	  deep	  conceptual	  understanding	  
of	  the	  material.	  	  Students	  cannot	  rely	  on	  guess-­‐and-­‐check	  methods	  for	  completing	  problem-­‐solving	  
problems.	  	  Instead	  they	  must	  start	  to	  ask	  themselves	  what	  information	  is	  needed	  that	  will	  help	  solve	  this	  
problem,	  or	  in	  other	  words,	  must	  start	  to	  develop	  a	  deep	  conceptual	  understanding.	  	  Problem-­‐solving	  
problems	  are	  intended	  to	  encourage	  discussions,	  and	  can	  be	  utilized	  to	  reveal	  misconceptions	  in	  student	  
understanding.	  	  But	  the	  traditional	  classroom	  environment	  is	  not	  conducive	  to	  this	  type	  of	  learning.	  	  
Thinking	  classrooms	  should	  be	  encouraged	  to	  be	  utilized	  in	  math	  classrooms,	  as	  thinking	  classrooms	  
encourage	  the	  use	  of	  problem-­‐solving	  tasks	  that	  foster	  collaboration.	  	  Students	  should	  be	  encouraged	  to	  
collaborate	  and	  idea	  build,	  using	  each	  other	  as	  resources.	  	  It	  is	  important	  to	  take	  what	  I	  have	  learned	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throughout	  this	  study,	  and	  be	  a	  leader	  in	  advocating	  and	  utilizing	  thinking	  classrooms	  for	  the	  future	  
when	  we	  are	  back	  in	  the	  schools.	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